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Monoclonal antibody against the 
Plasmodiiim falciparxm 

chitinase, PfCHTl, recognizes a malaria 
transmission-blocking epitope in 
Plasmodium gallinaceum ookinetes 
unrelated to the chitinase PgCHTl 
Langer, Rebecca C; Li, Fengwu; Popov, Vsevolod; 
Kurosky, Alexander; Vinetz, Joseph M. 
World Health Organization Collaborating Center 
for Tropical Diseases, Department of Pathology, 
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Infection and Immunity (2002), 70(3), 1581-1590 
CODEN: INFIBR; ISSN: 0019-9567 
T^erican Society for Microbiology 
Journal 
English 

To initiate invasion of the mosquito midgut, Plasmodivim 
ookinetes secrete chitinases that are necessary to cross 
the chitin-contg . peritrophic matrix en route to invading the 
epithelial cell surface. To investigate chitinases as 
potential Immunol, targets of blocking malaria parasite transmission 
to mosquitoes, a monoclonal antibody (MAb) was identified that 
neutralized the enzymic activity of the sole chitinase of 
Plasmodium falcipairum, PfCHTl, identified to date. 

This MAb, designated 1C3, previously shown to react with an apical 
structure of P. falciparum ookinetes, also reacts with a 
discrete apical structure of P. gallinaceum ookinetes. In membrane 
feeding assays, MAb 1C3 markedly inhibited P. gallinaceum oocyst 
development in mosquito midguts. MAb 1C3 affinity isolated an 
. apprx. 210-kDa antigen which, under reducing conditions, became a 
35-kDa antigen. This isolated 35-kDa protein cross-reacted with an 
antiserum raised against a synthetic peptide derived from the P. 
gallinaceum chitinase active site, PgCHTl, even though MAb 
1C3 did not recognize native or recombinant PgCHTl on Western blot. 
Therefore, this affinity-purified 35-kDa antigen appears similar to 
a previously identified protein, PgCHT2, a putative second 
chitinase of P. gallinaceum. Epitope mapping indicated MAb 
1C3 recognized a region of PfCHTl that diverges from a homologous 
amino acid sequence conserved within sequenced chitinases 
of P. berghei, P. yoelii, and P. gallinaceum (PgCHTl) . A synthetic 
peptide derived from the mapped 1C3 epitope may be useful as a 
component of a subunit transmission-blocking vaccine. 
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proteins as targets for blocking malaria 
transmission 
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The development of transmission-blocking vaccines is one approach to 
malaria control. To identify novel Plasmodiiim zygote- and 
ookinete-secreted proteins as targets of blocking malaria 
transmission, monoclonal antibodies (MAbs) were produced against 
parasite-secreted proteins found in Plasmodiiim gallinaceum 
ookinete culture supernatants . Four MAbs-lA6, 2A5, 2B5, and 
4B6-were identified that bound to P. gallinaceum zygotes and 
ookinetes in diverse patterns in terms of spatial localization on 
parasites, time course of antigen expression, and Western immunoblot 
patterns. MAbs 2A5 and 4B6 recognized more than one protein band as 
detected by Western immunoblot of P. gallinaceum ookinete 
supernatants. Beginning at 0 h postf ertilization, MAb 2A5 
recognized a diverse set of antigens; at 10 h postf ertilization, MTVb 
4B6 recognized several antigens as well. MAb 1A6 recognized a 
single . apprx . 17-kDa protein, and 2B5 recognized a single 
. apprx. 32-kDa protein at 15 h postf ertilization . In membrane 
feeding assays to assess the effect of these MAbs on P. gallinaceum 
infect ivity for Aedes aegypti mosquitoes, the addn. of MAbs 1A6 and 
2B5 to infectious blood meals significantly inhibited oocyst 
development in the mosquito midgut. In contrast, MAb 2A5 seemed to 
enhance infectivity. These results demonstrate that 
Plasmodixim ookinetes secrete proteins (in addn. to 
previously characterized chitinases) that may be targets 
for blocking malaria transmission. Future investigation of 
ookinete-secreted neutralization-sensitive mols. should provide 
valuable insight into mechanisms by which ookinetes exit the blood 
meal, penetrate and transverse the peritrophic matrix, and invade 
the mosquito midgut epithelium. 
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AB A review with 23 refs. Malaria transmission-blocking strategies 
aimed at disrupting parasite-mosquito interactions have the 
potential to make important contributions to global malaria control. 
It has been suggested that Plasmodium- secreted 
chitinase plays a crucial role in allowing the ookinete to 
initiate its invasion of the mosquito midgut, which suggests that 
this enzyme is a candidate target for blocking malaria transmission. 
In this review, the authors discuss Plasmodiiiiu 
chitinasGS from the mol . , biochem. and cell biol. 
viewpoints. Future directions of study could involve developing 
strategies for interrupting the function of Plasmodiiam 
chitinases within the mosquito midgut, including 
transmission-blocking drugs or vaccines, or the development of 
chitinase-inhibitor-producing transgenic mosquitoes. 
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AB To initiate invasion of the mosquito midgut, Plasmodivim 

ookinetes secrete chitinolytic activity to penetrate the peritrophic 
matrix surrounding the blood meal. While ookinetes of the avian 
malaria parasite Plasmodixim gallinaceum appear to secrete 
products of two chitinase genes, to date only one 
chitinase gene, PfCHTl, has been identified in the nearly 
completed Plasmcdixim falciparum strain 3D7 

genome database. To test the hypothesis that the single identified 
chitinase of P. falciparxim is necessary for 

ookinete invasion, the PfCHTl gene was disrupted 39 bp upstream of 
the stop codon. Pf CHTl-disrupted parasites had normal 
gametocytogenesis, exf lagellation, and ookinete formation but were 
markedly impaired in their ability to form oocysts in Anopheles 
freeborni midguts. Confocal microscopy demonstrated that the 
truncated PfCHTl protein was present in mutant ookinetes but that 
the concn. of mutant PfCHTl within the apical end of the ookinetes 
was substantially reduced. These data suggest that full-length 
PfCHTl is essential for intracellular trafficking and secretion and 
that the PfCHTl gene product is necessary for ookinetes to invade 
the mosquito midgut. 
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AB During mosquito transmission, malaria ookinetes must cross a 

chitin-contg . structure known as the peritrophic matrix (PM) , which 
surrounds the infected blood meal in the mosquito midgut. In turn, 
ookinetes produce multiple chitinase activities presumably 
aimed at disrupting this phys . barrier to allow ookinete invasion of 
the midgut epithelium. Plasmodium chitinase 

activities are demonstrated targets for human and avian malaria 
transmission blockade with the chitinase inhibitor 
allosamidin. Here, we identify and characterize the first 
chitinase gene of a rodent malaria parasite, 

Plasmodium berghei. We show that the gene, named PbCHTl, is 
a structural ortholog of PgCHTl of the avian malaria parasite 
Plasmodium gallinaceum and a paralog of PfCHTl of the human 
malaria parasite PlasmodiTim falciparum. 

Targeted disruption of PbCHTl reduced parasite infectivity in 
Anopheles stephensi mosquitoes by up to 90%. Redns . in infectivity 
were also obsd. in ookinete feeds-an artificial situation where 
midgut invasion occurs before PM formation-suggesting that PbCHTl 
plays a role other than PM disruption. PbCHTl null mutants had no 
residual ookinete-derived chitinase activity in vitro, 
suggesting that P. berghei ookinetes express only one 
chitinase gene. Moreover, PbCHTl activity appeared 
insensitive to allosamidin inhibition, an observation that raises 
questions about the use of allosamidin and components like it as 
potential malaria transmission-blocking drugs. Taken together, 
these findings suggest a fundamental divergence among rodent, avian, 
and human malaria parasite chitinases/ with implications 
for the evolution of Plasmodiiam-mosquito interactions. 
IT 352053-33-9 
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AB The present invention is directed to isolated nucleic acid mols. 
encoding Plasmodium sp. chitinases. Expression 

vectors and host cells comprising the nucleic acid mols. are also 

provided, as well as methods for increasing or decreasing the 

expression of the chitinase in host cells. The invention 

further provides methods of screening a substance for the ability of 

the substance to modify chitinase function, and a method 

for isolating other chitinase mols. DNA oligomers capable 

of hybridizing to the nucleic acid mol. encoding the 

chitinase . are provided, which can be used to detect 

chitinase in a sample. An isolated Plasmodium sp. 

chitinase is also provided. Antibodies specific for the 

chitinase, and fragments thereof, are provided, as are 

compns. comprising the chitinase and a compatible carrier. 

The subject invention further provides methods of preventing 

infection of mosquitoes by Plasmodi\am sp. and methods of 

preventing transmission of malaria. Thus, the cDNAs for gene CHTl 

chitinases of P. falciparum and P. gallinaceum 

were cloned and sequenced. The P. gallinaceum enzyme is produced as 
a preproenzyme; the P. falciparum has only a signal 
sequence. P. gallinaceum produces a second chitinase, the 
product of a second gene provisionally called CHT2 . The P. 
falciparum CHTl chitinase appears to be an 
ortholog of the P. gallinaceum CHT2 chitinase. The 
substrate specificity and pH profiles of the enzymes were detd. 
IT 254095-21-1, Chitinase (Plasmodium 

falciparum gene CHTl precursor) 278627-22-8 
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(nucleotide sequence; Plasmodium gene CHTl 
chitinases and cDNAs and methods for preventing malaria 
transmission by mosquitoes) 
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ookinete chitinases to the 

electron-dense area of the apical complex for 
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Langer, ■ Rebecca C; Hayward, Rhian E.; Tsuboi, 
Takafumi; Tachibana, Mayumi; Torii, Motomi; 
Vinetz, Joseph M. 

World Health Organization Collaborating Center 
for Tropical Diseases, Department of Pathology, 
University of Texas Medical Branch, Galveston, 
TX, 77555-0609, USA 

Infection and Immunity (2000), 68(11), 6461-6465 
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American Society for Microbiology 
Journal 
English 

Plasmodiiim ookinetes secrete chitinases to 
penetrate the acellular, chitin-contg. peritrophic matrix of the 
mosquito midgut en route to invasion of the epithelium. 
Chitinases are potentially targets that can be used to block 
malaria transmission. We demonstrate here that chitinases 
of Plasmodium falcipartim and P. gallinaceum are 
coned, at the apical end of ookinetes. The chitinase 
PgCHTl of P. gallinaceum is present within ookinete micronemes and 
subsequently becomes localized in the electron-dense area of the 
apical complex. These observations suggest a pathway by which 
ookinetes secrete proteins extracellularly . 
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Ribeiro, Jose M. C; Kaslow, David C. 
World Health Organization Collaborating Center 
for Tropical Diseases, Department of Pathology, 
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AB The Plasmodium ookinete produces chitinolytic activity 

that allows the parasite to penetrate the chitin-contg . peritrophic 
matrix surrounding the blood meal in' the mosquito midgut. Since the 
peritrophic matrix is a phys . barrier that the parasite must cross 
to invade the mosquito, and the presence of allosamidin, a 
chitinase inhibitor, in a blood meal prevents the parasite 
from invading the midgut epithelium, chitinases (3.2.1.14) 
are potential targets of malaria parasite transmission-blocking 
interventions. We have purified a chitinase of the avian 
malaria parasite Plasmodium gallinaceum and cloned the 
gene, PgCHTl, encoding it. PgCHTl encodes catalytic and 
substrate-binding sites characteristic of family 18 glycohydrolases . 
Expressed in Escherichia coli strain AD494 (DE3), recombinant PgCHTl 
was found to hydrolyze polymeric chitin, native chitin 
oligosaccharides, and 4-methylumbellif erone derivs . of chitin 
oligosaccharides. Allosamidin inhibited recombinant PgCHTl with an 
IC50 of 7 .mu.M and differentially inhibited two chromatog. 
separable P. gallinaceum ookinete-produced chitinase 
activities with IC50 values of 7 and 12 .mu.M, resp. These two 
chitinase activities also had different pH activity 

profiles. These data suggest that the P. gallinaceum ookinete uses 
products of more than one chitinase gene to initiate 
mosquito midgut invasion. 
IT 278627-22-8 278627-23-9 

RL: ADV (Adverse effect, including toxicity); BAG (Biological 
activity or effector, except adverse); BPR (Biological process); BSU 
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(amino acid sequence; cloning and sequences of chitinases 
of avian malaria parasite Plasmodiiam gallinaceum, class 
of enzymes necessary for parasite invasion of mosquito midgut) 
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(amino acid sequence; cloning and sequences of chitinases 
of avian malaria parasite Plasmodium gallinaceum, class 
of enzymes necessary for parasite invasion of mosquito midgut) 
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AB Within hours after the ingestion of a blood meal, the mosquito 
midgut epithelium synthesizes a chitinous sac, the peritrophic 
matrix. Plasmodium ookinetes traverse the peritrophic 
matrix while escaping the mosquito midgut. Chitinases (EC 
3.2.1.14) are crit . for parasite invasion of the midgut: the 
presence of the chitinase inhibitor, allosamidin, in an 
infectious blood meal prevents oocyst development. A 
chitinase gene, PgCHTl, recently has been identified in the 
avian malaria parasite P. gallinaceum. We used the sequence of 
PgCHTl to identify a P. falcipaanam chitinase 
gene, PfCHTl, in the P. falciparxim genome database. 
PfCHTl differs from PgCHTl in that the P. falciparum gene 
lacks proenzyme and chitin-binding domains. PfCHTl was expressed as 
an active recombinant enzyme in Escherichia coli. PfCHTl shares 
with PgCHTl a substrate preference unique to Plasmodium 
chitinases: the enzymes cleave tri- and tetramers of GlcNAc 
from penta- and hexameric oligomers and are unable to cleave smaller 
native chitin oligosaccharides. The'pH activity profile of PfCHTl 
and its IC50 (40 nM) to allosamidin are distinct from endochitinase 
activities secreted by P. gallinaceum ookinetes. Homol . modeling 
predicts that PgCHTl has a novel pocket in the catalytic active site 
that PfCHTl lacks, which may explain the differential sensitivity of 
PfCHTl and PgCHTl to allosamidin. PfCHTl may be the ortholog of a 
second, as yet unidentified, chitinase gene of P. 

gallinaceum. These results may allow us to develop novel strategies 
of blocking human malaria transmission based on interfering with P. 
falciparxim chitinase. 
IT 254095-21-1 

RL: BSU (Biological study, unclassified); PRP ( Properties ) ; BIOL 
(Biological study) 

(amino acid sequence; cloning and sequence of chitinase 
PfCHTl from human malaria parasite Plasmodioim 
falciparum lacking proenzyme and chitin-binding domains 
and displaying unique substrate preferences) 
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AB The authors hypothesized that the amino acid sequence of the active 
site of P. gallinaceum chitinase would be similar to the 
amino acid sequence of other protozoal, nematode, and higher 
bacterial chitinases and designed synthetic peptides based 
upon these sequences. Degenerate and nondegenerate synthetic 
peptides based upon the active sites of other protozoal 
chitinases generated antisera that detected a . apprx . 50-kDa 
ookinete stage-specific protein. Antisera that recognized the E. 
hystolytica chitinase active-site immunoeluted a protein 
with chitinase activity from P. gallinaceum ookinete exts. 
(c) 1998 Academic Press. 
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TITLE: Different effects of modulation of mosquito 

{Diptera:Culicidae) trypsin activity on the 
infectivity of two human malaria 
(Hemosporidia : Plasmodidae) parasites 
Ramasamy, Manthri S.; Kulasekera, Ranjith; 
Srikrishnaraj , K. Alagaratnam; Ramasamy, Ranjan 
Division of Life Sciences, Institute of 
Fundamental Studies, Kandy, Sri Lanka 
J. Med. Entomol. (1996), 33(5), 777-782 
CODEN: JMENA6; ISSN: 0022-2585 
Journal 
English 

Trypsin prodn. in the malaria vector Anopheles tessellatus peaks at 
12-21 h after a blood meal. The presence of leupeptin or soybean 
trypsin inhibitor in a blood meal delayed the onset of maximal 
trypsin activity. Trypsin inhibitors in an infective blood meal 
increased the infectivity of Plasmodi\im vivax and 
decreased infectivity of P. falciparum to A. tessellatus. 
The opposite effects of trypsin inhibitors on infectivity of the 2 
malaria parasites were attributed to differences in the biol. of the 
parasites within the midgut of the vector, particularly the time of 
ookinete formation and the requirement for activation of a 
chitinase. 
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Antibody-mediated inhibition of Aedes aegypti 
midgut trypsins blocks sporogonic development of 
Plasmodium gallinaceum 
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Lab. Parasitic Diseases, National Institutes 
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DOCUMENT TYPE: Journal 
LANGUAGE: English 

AB ■ The peritrophic matrix (PM) that forms around a blood meal is a 
potential barrier for Plasmodium development in 
mosquitoes. Previously, we have shown that to traverse the PM, 
Plasmodium ookinetes secrete a prochitinase and that an 
inhibitor of chitinase blocks further parasite 

development. Here we report that it is the mosquito trypsin that 
activates the PlasmodiTom prochitinase. Trypsin was 
identified as the chitinase-activating enzyme by two 

criteria: (i) trypsin activity and activating activity comigrated on 
one-dimensional gels, and (ii) activating activity and penetration 
of the PM by Plasmodiiam parasites were both hindered by 
trypsin-specif ic inhibitors. Subsequently, we examd. the effect of 
antitrypsin antibodies on the parasite life cycle. Antibodies 
prepd. against a recombinant blackfly trypsin effectively and 
specifically inhibited mosquito trypsin activity. Moreover, when 
incorporated into an infective blood meal, the antitrypsin 
antibodies blocked infectivity of Aedes aegypti mosquitoes by 
Plasmodium gallinaceum. This block of infectivity could be 
reversed by exogenously provided chitinase, strongly 
suggesting that the antibodies act by inhibiting prochitinase 
activation and not on the parasite itself. This work led to the 
identification of a mosquito antigen, i.e., midgut trypsin, as a 
novel target for blocking malaria transmission. 
IT 122781-23-1, Prochitinase 

RL: ADV (Adverse effect, including toxicity) ; BOC (Biological 
occurrence); BIOL (Biological study); OCCU (Occurrence) 

(antibody-mediated inhibition of Aedes aegypti midgut trypsin 
blocks sporogonic development of Plasmodium 
gallinaceum) 
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Plasmodium: parasite chitinase 
and its role in malaria transmission 
Shahabuddin, Mohammed; Kaslow, David C. 
Laboratory of Malaria Research, National 
Institute of Allergy and Infectious Diseases, 
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Transmission-blocking activity of a 
chitinase inhibitor and activation of 
malarial parasite chitinase by 
mosquito protease 

Shahabuddin, Mohammed; Toyoshima, Tetsuhiko; 



Searcher 



Shears 308-4994 



09/579383 



Aikawa, Masamichi; Kaslow, David C. 
CORPORATE SOURCE: Lab. Malar. Res., Natl. Inst. Infect. Dis., 

Bethesda, MD, 20892, USA 
SOURCE: Proc. Natl. Acad. Sci. U. S. A. (1993), 90(9), 

4266-70 

CODEN: PNASA6; ISSN: 0027-8424 
DOCUMENT TYPE: Journal 
LANGUAGE: English 

AB During development in the mosquito midgut, malarial parasites must 

transverse a chitin-contg. peritrophic matrix (PM) that forms around 
the food bolus. Previously, M. Huber et al. (1991) reported that 
the parasite secretes a protein with chitinase activity, 
and they suggested that parasite chitinase (EC 3.2.1.14) 
plays an important role in the parasite's egress from the blood 
meal. Allosamidin, a specific inhibitor of chitinase, 
completely blocked oocyte development in vivo and thus blocked 
malaria parasite transmission. Addn. of exogenous chitinase 
to the blood meal prevented the PM from forming and reversed the 
• transmission-blocking activity of allosamidin. Using exogenous 
chitinase, the authors also found that the PM does not limit 
the no. of parasites that develop into oocysts, suggesting that the 
parasite produces sufficient quantities of chitinase to 
penetrate this potential barrier. In addn., treatment of parasite 
chitinase with a diisopropyl f luorophosphate-sensitive 
trypsinlike protease from the mosquito midgut or endoproteinase 
Lys-C increased its enzymic activity. These results suggest that 
the malaria parasite has evolved an intricate mechanism to adapt to 
the PM and the protease-rich environment of the mosquito midgut. 
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SOURCE: Proc. Natl, Acad. Sci. U. S. A. (1991), 88(7), 
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CODEN: PNASA6; ISSN: 0027-8424 
DOCUMENT TYPE: Journal 
LANGUAGE: ^ English 

AB Malaria parasites (ookinetes) appear to digest the peritrophic 
membrane in the mosquito midgut during penetration. Previous 
studies demonstrated that lectins specific for N-acetylglucosamine 
bind to the peritrophic membrane and proposed that the membrane 
contains chit in. The present study shows that the peritrophic 
membrane is digested by Serratia marcescens chitinase (EC 
3.2.1.14), leading to the release of N-acetylglucosamine and 
fragmentation of the membrane. The presence of a malaria parasite 
chitinase that digests 4-methylumbellif eryl chitotriose is 
also reported. The enzyme is not detectable until 15 h after zygote 
formation, the time required for maturation of the parasite from a 
zygote to an ookinete, the invasive form of the parasite. At 20 h, 
the enzyme begins to appear in the culture supernatant. The 
chitinase extd. from the parasite and found in the culture 
supernatant consists of a major band and 2 minor bands of activity 
on native PAGE. The presence of chitin in the peritrophic membrane. 
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the disruption of the peritrophic raembrane during invasion, and the 
presence of chitinase in ookinetes suggest that the 
chitinase in ookinetes is used in the penetration of the 
peritrophic membrane. 
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Use of chitinase to facilitate 

detection of protozoan, helminth and single copy 
genes in squashed whole mosquitoes 
Sim, Betty Kim Lee; Romans, Patricia; Harun, 
Syahrial 

Dep. Immunol., Walter Reed Army Inst. Res., 
Washington, DC, 20307-5100, USA 
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Journal 
English 

The application of DNA probes to detect foreign DNA in whole 
arthropods has been limited by the inability of the probes to 
distinguish between small quantities of target DNA and the 
background signal generated by nonspecific hybridization of mosquito 
material. Treatment of nitrocellulose filters upon which mosquitoes 
have been squashed with chitinase and proteinase K 
eliminates nonspecific hybridization of DNA probes to mosquito 
components. This technique was used to detect a single larva of* , 
Brugia malayi, sporozoites of Plasmodium ^ 
falciparum and Plasmodium berghei, and a ^ 
single-copy gene in directly squashed vector mosquitoes. Use tof 
this simple, rapid technique should facilitate the successful irse of 
DNA probes in field studies. 
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Monoclonal antibody against the Plasmodium 
falciparum chitinase, PfCHTl, 

recognizes a malaria transmission-blocking epitope in 
Plasmodium gallinaceum ookinetes 
unrelated to the chitinase PgCHTl. 
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Journal code: 0246127. ISSN: 0019-9567. 
PUB. COUNTRY: United States 

Journal; Article; (JOURNAL ARTICLE) 
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ENTRY DATE: Entered STN : 20020226 

Last Updated on STN: 20020226 
AB To initiate invasion of the mosquito midgut, Plasmodium 
ookinetes secrete chitinases that are necessary to 

cross the chitin-containing peritrophic matrix en route to invading 
the epithelial cell surface. To investigate chitinases as 
potential immunological targets of blocking malaria parasite 
transmission to mosquitoes, a monoclonal antibody (MAb) was 
identified that neutralized the enzymatic activity of the sole 
chitinase of Plasmodixim falciparum, 

PfCHTl, identified to date. This MAb, designated 1C3, previously 

shown to react with an apical structure of P. falcipartim 

ookinetes, also reacts with a discrete apical structure of 

P. gallinaceum ookinetes. In membrane feeding assays, MAb 

1C3 markedly inhibited P. gallinaceum oocyst development in mosquito 

midguts. MAb 1C3 affinity isolated an approximately 210-kDa antigen 

which, under reducing conditions, became a 35-kDa antigen. This 

isolated 35-kDa protein cross-reacted with an antiserum raised 

against a synthetic peptide derived from the P. gallinaceum 

chitinase active site, PgCHTl, even though MAb 1C3 did not 

recognize native or recombinant PgCHTl on Western blot. Therefore, 

this affinity-purified 35-kDa antigen appears similar to a 

previously identified protein, PgCHT2, a putative second 

chitinase of P. gallinaceum. Epitope mapping indicated MAb 

1C3 recognized a region of PfCHTl that diverges from a homologous 

amino acid sequence conserved within sequenced chitinases 

of P. berghei, P. yoelii, and P. gallinaceum (PgCHTl) . A synthetic 

peptide derived from the mapped 1C3 epitope may be useful as a 

component of a subunit transmission-blocking vaccine. 
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Entered Medline: 20020114 
AB The development of transmission-blocking vaccines is one approach to 
malaria control. To identify novel Plasmodium 
zygote- and ookinete- secreted proteins 

as targets of blocking malaria transmission, monoclonal antibodies 
(MAbs) were produced against parasite-secreted proteins found in 
Plasmodiiim gallinaceum ookinete culture 

supernatants . Four MAbs-lA6, 2A5, 285, and 4B6-were identified that 
bound to P. gallinaceum zygotes and ookinetes in diverse 
patterns in terms of spatial localization on parasites, time course 
of antigen expression, and Western immunoblot patterns. MAbs 2A5 and 
4B6 recognized more than one protein band as detected by Western 
immunoblot of P. gallinaceum ookinete supernatants. 

Beginning at 0 h postf ertilization, MAb 2A5 recognized a diverse set 
of antigens; at 10 h postf ertilization, MAb 4B6 recognized several 
antigens as well, MAb 1A6 recognized a single approximately 17-kDa 
protein, and 2B5 recognized a single approximately 32-kDa protein at 
15 h postf ertilization. In membrane feeding assays to assess the 
effect of these MAbs on P. gallinaceum infectivity for Aedes aegypti 
mosquitoes, the addition of MAbs 1A6 and 2B5 to infectious blood 
meals significantly inhibited oocyst development in the mosquito 
midgut. In contrast, MAb 2A5 seemed to enhance infectivity. These 
results demonstrate that Plasmodixam ookinetes 
secrete proteins (in addition to previously characterized 
chitinases) that may be targets for blocking malaria 
transmission. Future investigation of ookinete-secreted 
neutralization-sensitive molecules should provide valuable insight 
into mechanisms by which ookinetes exit the blood meal, 
penetrate and transverse the peritrophic matrix, and invade the 
mosquito midgut epithelium. 
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invasion of the mosquito midgut, Plasmodium 
ecrete chitinolytic activity to penetrate the 

matrix surrounding the blood meal. While 
f the avian malaria parasite Plasmodium 
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gallinaceiim appear to secrete products of two chitinase 
genes, to date only one chitinase gene, PfCHTl, has been 
identified in the nearly completed Plasmodium 
falcipanim strain 3D7 genome database. To test the 
hypothesis that the single identified chitinase of P. 
falciparum is necessary for ookinete invasion, the 
PfCHTl gene was disrupted 39 bp upstream of the stop codon. 
PfCHTl-disrupted parasites had normal gametocytogenesis, 
exf lagellation, and ookinete formation but were markedly 
impaired in their ability to form oocysts in Anopheles freeborni 
midguts. Confocal microscopy demonstrated that the truncated PfCHTl 
protein was present in mutant ookinetes but that the 
concentration of mutant PfCHTl within the apical end of the 
ookinetes was substantially reduced. These data suggest that 
full-length PfCHTl is essential for intracellular trafficking and 
secretion and that the PfCHTl gene product is necessary for 
ookinetes to invade the mosquito midgut. 
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AB During mosquito transmission, malaria ookinetes must cross 

a chitin-containing structure known as the peritrophic matrix (PM), 
which surrounds the infected blood meal in the mosquito midgut. In 
turn, ookinetes produce multiple chitinase 

activities presumably aimed at disrupting this physical barrier to 
allow ookinete invasion of the midgut epithelium. 
Plasmodium chitinase activities are demonstrated 

targets for human and avian malaria transmission blockade with the 
chitinase inhibitor allosamidin. Here, we identify and 
characterize the first chitinase gene of a rodent malaria 
parasite, Plasmodiiim berghei. We show that the gene, named 
PbCHTl, is a structural ortholog of PgCHTl of the avian malaria 
parasite Plasmodium gallinaceum and a paralog of PfCHTl of 
the human malaria parasite Plasmodium falciparum 
. Targeted disruption of PbCHTl reduced parasite infectivity in 
Anopheles stephensi mosquitoes by up to 90%. Reductions in 
infectivity were also observed in ookinete feeds-an 
artificial situation where midgut invasion occurs before PM 
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formation-suggesting that PbCHTl plays a role other than PM 
disruption. PbCHTl null mutants had no residual ookinete 
-derived chitinase activity in vitro, suggesting that P. 
berghei ookinetes express only one chitinase - ' 

gene. Moreover, PbCHTl activity appeared insensitive to allosamidin 
inhibition, an observation that raises questions about the use of 
allosamidin and components like it as potential malaria 
transmission-blocking drugs. Taken together, these findings suggest 
a fundamental divergence among rodent, avian, and human malaria 
parasite chitinases, with implications for the evolution 
of Plasmodium-mosquito interactions. 
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Malaria transmission-blocking strategies aimed at disrupting 
parasite-mosquito interactions have the potential to make important 
contributions to global malaria control. It has been suggested that 
Plasmodiiam- secreted chitinase plays a crucial role 
in allowing the ookinete to initiate its invasion of the 
mosquito midgut, which suggests that this enzyme is a candidate 
target for blocking malaria transmission. In this review, the 
authors discuss Plasmodium chitinases from the 
molecular, biochemical and cell biology viewpoints. Future 
directions of study could involve developing strategies for 
interrupting the function of Plasmodiiim chitinases 

within the mosquito midgut, including transmission-blocking drugs or 
vaccines, or the development of chitinase 
-inhibitor-producing transgenic mosquitoes. 
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The Plasmodiiim ookinete produces chitinolytic 

activity that allows the parasite to penetrate the chitin-containing 
peritrophic matrix surrounding the blood meal in the mosquito 
midgut. Since the peritrophic matrix is a physical barrier that the 
parasite must cross to invade the mosquito, and the presence of 
allosamidin, a chitinase inhibitor, in a blood meal 
prevents the parasite from invading the midgut epithelium, 
chitinases (3.2.1.14) are potential targets of malaria 
parasite transmission-blocking interventions. We have purified a 
chitinase of the avian malaria parasite Plasmodinm 

gallinaceum and cloned the gene, PgCHTl, encoding it. PgCHTl encodes 
catalytic and substrate-binding sites characteristic of family 18 
glycohydrolases . Expressed in Escherichia coli strain AD494 (DE3) , 
recombinant PgCHTl was found to hydrolyze polymeric chitin, native 
chitin oligosaccharides, and 4-methylumbellif erone derivatives of 
chitin oligosaccharides. Allosamidin inhibited recombinant PgCHTl 
with an IC(50) of 7 microM and differentially inhibited two 
chromatographically separable P. gallinaceum ookinete 
-produced chitinase activities with IC(50) values of 7 and 
12 microM, respectively. These two chitinase activities 
also had different pH activity profiles. These data suggest that the 
P. gallinaceum ookinete uses products of more than one 
chitinase gene to initiate mosquito midgut invasion. 
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AB Plasmodium ookinetes secrete chitinases 

to penetrate the acellular, chitin-containing peritrophic matrix of 

the mosquito midgut en route to invasion of the epithelium. 

Chitinases are potentially targets that can be used to block 

malaria transmission. We demonstrate here that chitinases 

of Plasmodivua falcipartam and P. gallinaceum are 

concentrated at the apical end of ookinetes. The 

chitinase PgCHTl of P. gallinaceum is present within 

ookinete micronemes and subsequently becomes localized in 

the electron-dense area of the apical complex. These observations 

suggest a pathway by which ookinetes secrete proteins 

extracellularly . 
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AB The mosquito Aedes aegypti is capable of transmitting a variety of 

pathogens to man and to other vertebrates. The midgut of this insect 
has been well-studied both as the tissue where the first contact 
occurs between ingested pathogens and the insect host, and as a 
model system for blood meal digestion in blood-sucking insects. To 
understand better the nature of the midgut surface encountered by 
parasites or viruses, we used scanning electron microscopy to 
identify the most prominent structures and cell morphologies on the 
luminal midgut surface. The luminal side of the midgut is a complex 
and layered set of structures . The microvilli that are found on 
most, but not all, cells are covered by a network of fine strands 
that we have termed the microvilli-associated network (MN) . The MN 
strands are membranous, as shown by a membrane bilayer visible in 
cross sections of MN strands at high magnification in transmission 
electron micrographs. The MN is found in blood-fed as well as unfed 
mosquitoes and is not affected by chitinase treatment. 
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suggesting that it is not related to the chitinous peritrophic 
membrane that is formed only after blood feeding. The cells in the 
midgut epithelium have two distinct morphologies: the predominant 
cell type is densely covered with microvilli, while cells with fewe 
microvilli are found interspersed throughout the midgut. We used 
lectins to probe for the presence of carbohydrates on the midgut 
surface. A large number of lectins bind to the luminal midgut 
surface, suggesting that a variety of sugar linkages are present on 
the structures visualized by electron microscopy. Some of these 
lectins partially block attachment of malaria ookinetes to 
the midgut surface in vitro. Thus, the mosquito midgut epithelium, 
like the lining of mammalian intestines, is complex, composed of a 
variety of cell types and extensively covered with surface 
carbohydrate that may play a role in pathogen attachment. 
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Within hours after the ingestion of a blood meal, the mosquito 
midgut epithelium synthesizes a chitinous sac, the peritrophic 
matrix. Plasmodium ookinetes traverse the 
peritrophic matrix while escaping the mosquito midgut, 
Chitinases (EC 3.2.1.14) are critical for parasite invasion 
of the midgut: the presence of the chitinase inhibitor, 
allosamidin, in an infectious blood meal prevents oocyst 
development. A chitinase gene, PgCHTl, recently has been 
identified in the avian malaria parasite P. gallinaceum. We used the 
sequence of PgCHTl to identify a P. falciparum 
chitinase gene, PfCHTl, in the P. falcipanim 
genome database. PfCHTl differs from PgCHTl in that the P. 
falcipartim gene lacks proenzyme and chitin-binding domains. 
PfCHTl was expressed as an active recombinant enzyme in Escherichia 
coli. PfCHTl shares with PgCHTl a substrate preference unique to 
Plasmodiiom chitinases: the enzymes cleave tri- and 
tetramers of GlcNAc from penta- and hexameric oligomers and are 
unable to cleave smaller native chitin oligosaccharides. The pH 
activity profile of PfCHTl and its IC(50) (40 nM) to allosamidin are 
distinct from endochitinase activities secreted by P. gallinaceum 
ookinetes. Homology modeling predicts that PgCHTl has a 
novel pocket in the catalytic active site that PfCHTl lacks, which 
may explain the differential sensitivity of PfCHTl and PgCHTl to 
allosamidin. PfCHTl may be the ortholog of a second, as yet 
unidentified, chitinase gene of P. gallinaceum. These 
results may allow us to develop novel strategies of blocking human 
malaria transmission based on interfering with P. falciparum 
chitinase. 



L5 ANSWER 11 OF 22 
ACCESSION NUMBER: 
THE GENUINE ARTICLE: 
TITLE: 

AUTHOR: 

CORPORATE SOURCE: 



COUNTRY OF AUTHOR: 
SOURCE : 



DOCUMENT TYPE: ' 
FILE SEGMENT: 
LANGUAGE : 
REFERENCE COUNT: 



SCISEARCH COPYRIGHT 2002 ISI (R) 
1999:59837 SCISEARCH 
154TL 

Mosquito - Plasmodium interactions in 
response to immune activation of the vector 
Lowenberger C A (Reprint); Kamal S; Chiles J; 
Paskewitz S; Bulet P; Hoffmann J A; Christensen B M 
UNIV WISCONSIN, DEPT ENTOMOL, 1655 LINDEN DR, 
MADISON, WI 53706 (Reprint); CNRS, INST BIOL MOL & 
CELLULAIRE, UPR 9022, F-67084 STRASBOURG, FRANCE 
USA; FRANCE 

EXPERIMENTAL PARASITOLOGY, (JAN 1999) Vol. 91, No. 
1, pp. 59-69. 

Publisher: ACADEMIC PRESS INC JNL-COMP SUBSCRIPTIONS 

525 B ST, STE 1900, SAN DIEGO, CA 92101-4495. 

ISSN: 0014-4894. 

Article; Journal 

LIFE 

English 

42 



Searcher 



Shears 308-4994 



09/579383 



^ABSTRACT IS AVAILABLE IN THE ALL AND lALL FORMATS* 
AB During the development of Plasmodiiom sp, within the 

mosquito midgut, the parasite undergoes a series of developmental 
changes. The elongated ookinete migrates through the 
layers of the midgut where it forms the oocyst under the basal 
lamina. We demonstrate here that if Aedes aegypti or Anopheles 
gambiae, normally susceptible to Plasmodium gallinaceum 
and P. berghei, respectively, are immune activated by the injection 
of bacteria into the hemocoel, and subsequently are fed on an 
infectious bloodmeal, there is a significant reduction in the 
prevalence and mean intensity of infection of oocysts on the midgut. 
Only those mosquitoes immune activated prior to, or immediately 
after, parasite ingestion exhibit this reduction in parasite 
development. Mosquitoes immune activated 2-5 days after bloodfeeding 
show no differences in parasite burdens compared with naive 
controls. Northern analyses reveal that transcriptional activity for 
mosquito defensins is not detected in the whole bodies of Ae. 
aegypti from 4 h to 10 days after ingesting I? gallinaceum, 
suggesting that parasite ingestion; passage from the food bolus 
through the midgut, oocyst formation, and subsequent release of 
sporozoites into the hemolymph do not induce the production of 
defensin. However, reverse transcriptase-PCR of RNA isolated solely 
from the midguts of Ae. aegypti indicates that transcription of 
mosquito defensins occurs in the midguts of naive mosquitoes and 
those ingesting an infectious or noninfectious bloodmeal. 
Bacteria-challenged Ae. aegypti showed high levels of mature 
defensin in the hemolymph that correlate with a lower prevalence and 
mean intensity of infection with oocysts. Because few oocysts were 
found on the midgut of immune-activated mosquitoes, the data 
suggest, that some factor, induced by bacterial challenge, kills the 
parasite at a preoocyst stage. (C) 1999 Academic Press. 
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Plasmodivim ookinete development 
in the mosquito midgut: a case of reciprocal 
manipulation . 
Shahabuddin M 

Laboratory of Parasitic Diseases, National Institute 
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The ookinete is one of the most important stages of 
Plasmodium development in the mosquito. It is 

morphologically and biochemically distinct from the earlier sexual 
stages--gametocytes and zygote, and from the later stages — oocyst 
and sporozoites. Development to ookinete allows the 

parasite to escape from the tightly packed blood bolus, to cross the 
sturdy peritrophic matrix (PM), to be protected from the digestive 
environment of the midgut lumen, and to invade the gut epithelium. 
The success of each of these activities may depend on the degree of 
the biochemical and physical barriers in the mosquito (such as 
density of blood bolus, thickness of peritrophic matrix, proteolytic 
activities in the gut lumen etc.) and the ability of the 
ookinete to overcome' these barriers . Ookinete 
motility, secretion of chitinase, resistance to the 

digestive enzymes, and recognition/invasion of the midgut epithelium 
all may play crucial roles in the transformation to oocyst. The 
overall sporogonic development of Plasmodium, therefore, 
depends on the results of the two-way manipulations between the 
parasite and the vector mosquito. Study of ookinete 

development and of the cellular and biochemical complexities of the 
mosquito gut may therefore lead to the design of novel strategies to 
block the transmission of malaria. This article reviews the 
intricate interactions between the parasite and the mosquito midgut 
in the context of development and transmission of Plasmodium 
parasites. 
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Entered STN: 19971224 
Last Updated on STN: 19971224 . 
Entered Medline: 19971114 
Present understanding of the development of sexual stages of the 
human malaria parasites Plasmodixim vivax and P. 
falciparum in the Anopheles vector is reviewed, with 
particular reference to the role of the mosquito midgut in 
establishing an infection. The sexual stages of the parasite, the 
gametocytes, are formed in human erythrocytes. The changes in 
temperature and pH encountered by the gametocyte induce 
gametogenesis in the lumen of the midgut. Macromolecules derived 
from mosquito tissue and second messenger pathways regulate events 
leading to fertilization. In An. tessellatus the movement of the 
ookinete from the lumen to the midgut epithelium is linked 
to the release of trypsin in the midgut and the peritrophic matrix 
is not a firm barrier to this movement. The passage of the P. vivax 
ookinete through the peritrophic matrix may take place 
before the latter is fully formed. The late ookinete 
development in P . falciparum requires chitinase 

to facilitate penetration of the peritrophic matrix. Recognition 
sites for the ookinetes are present on the midgut 
epithelial cells. N-acetyl glucosamine residues in the 
oligosaccharide side chains of An. tessellatus midgut glycoproteins 
and peritrophic matrix proteoglycan may function as recognition 
sites for P. vivax and P. falciparum ookinetes. It 
is possible that ookinetes penetrating epithelial cells 
produce stress in the vector. Mosquito molecules may be involved in 
oocyst development in the basal lamina, and encapsulation of the 
parasite occurs in vectors that are refractory to the parasite. 
Detailed knowledge of vector-parasite interactions, particularly in 
the midgut and the identification of critical mosquito molecules 
offers prospects for manipulating the vector for the control of 
malaria . 
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^ABSTRACT IS AVAILABLE IN THE ALL AND lALL FORMATS* 
Malaria continues to cause incomprehensible human suffering 
throughout most of the tropics and subtropics: in sub-Saharan Africa 
it is estimated that 2 million children die each year as a direct 
cause of infection with Plasmodium. Vector control and 
malaria chemotherapy that were previously effective in controlling 
and treating malaria are now largely ineffective due to 
insecticide-resistant mosquitoes and drug-resistant parasites. As 
alternatives to these mainstays of control, an intensive effort to 
develop subunit vaccines targeted at various stages of the life has 
been undertaken. One such vaccine, directed against the sexual and 
sporogonic stages and referred to as a transmission-blocking 
vaccine, offers the hope of controlling malaria in geographically 
isolated areas, preventing re-introduction of the parasite in 
malaria-free zones, blocking the spread of drug-resistant or vaccine 
escape mutants, and reducing exposure to ''virulent*' strains of 
parasites. A series of potential transmission-blocking vaccine 
candidates have identified and the genes encoding these surface 
proteins have now been isolated and sequenced. One such vaccine 
candidate, Pfs25, is now being tested in human Phase I safety and 
immunogenicity . studies . Here the use and status of 

transmission-blocking vaccines are reviewed. Published by Elsevier 
Science Ltd. 
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Trypsin production in the malaria vector Anopheles tessellatus 
Theobald peaks between 12 and 21 h after a blood meal. The presence 
of leupeptin or soybean trypsin inhibitor in a blood meal delayed 
the onset of maximal trypsin activity. Trypsin inhibitors in an 
infective blood meal increased the infectivity of Plasmodium 
vivax Grassi and decreased infectivity of P. falcipanim 
Welch to An tessellatus. The opposite effects of trypsin inhibitors 
on infectivity of the 2 malaria parasites were attributed to 
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differences in the biology of the parasites within the midgut of the 
vector, particularly the time of ookinete formation and 
the requirement for activation of a chitinase. 
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Antibody-mediated inhibition of Aedes aegypti midgut 
trypsins blocks sporogonic development of 
Plasmodiiam gallinaceum. 
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The peritrophic matrix (PM) that forms around a blood meal is a 
potential barrier of Plasmodixam development in mosquitoes. 
Previously, we have shown that to traverse the PM, 
Plasmodium ookinetes secrete a prochitinase and 
that an inhibitor of chitinase blocks further parasite 
development. Here we report that it is the mosquito trypsin that 
activates the Plasmodivim prochitinase. Trypsin was 
identified as the chitinase-activating enzyme by two 
criteria: (i) trypsin activity and activating activity comigrated on 
one-dimensional gels, and (ii) activating activity and penetration 
of the PM by Plasmodiiim parasites were both hindered by 
trypsin-specif ic inhibitors. Subsequently, we examined the effect of 
antitrypsin antibodies on the parasite life cycle. Antibodies 
prepared against a recombinant blackfly trypsin effectively and 
specifically inhibited mosquito trypsin activity. Moreover, when 
incorporated into an infective blood meal, the antitrypsin 
antibodies blocked infectivity of Aedes aegypti mosquitoes by 
Plasmodium gallinaceum. This block of infectivity could be 
reversed by exogenously provided chitinase, strongly 
suggesting that the antibodies act by inhibiting prochitinase 
activation and not on the parasite itself. This work led to the 
identification of a mosquito 'antigen, i.e., midgut trypsin, as a . 
novel target for blocking malaria transmission. 
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Unique specificity of in vitro inhibition of mosquito 
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inhibition of malaria parasite infectivity. 
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Synchrony in the egress of Plasmodixim ookinetes 

from the food bolus and enzymatic digestion of the blood meal in the 
mosquito midgut suggests that digestive enzymes play a role in the 
successful transmission of malaria parasites. Previously, we found 
that parasite-produced chitinase is essential for parasite 
transmission and can be activated by mosquito midgut protease. To 
determine the suitability of developing a transmission-blocking 
vaccine directed against mosquito trypsin-like enzyme (s), Aedes 
aegypti midgut trypsin-like proteases were characterized 
biochemically and compared to a mammalian trypsin. Mosquito trypsin 
is more sensitive to inhibition by aprotinin and less sensitive to 
egg white trypsin inhibitor than is bovine pancreatic trypsin. 
Soybean trypsin inhibitor and leupeptin inhibit both enzymes to 
similar extent. Membrane-feeding assays with aprotinin, leupeptin, 
and egg white trypsin inhibitor revealed a correlation between in 
vitro inhibition of mosquito trypsin-like activity and 
transmission-blocking activity. The results suggest a role for 
mosquito midgut trypsin (s) in malaria parasite development and 
indicate that the protease (s) is a potential target for blocking 
malaria transmission. 
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Malaria parasites (ookinetes) appear to digest the 
peritrophic membrane in the mosquito midgut during penetration. 
Previous studies demonstrated that lectins specific for 
N-acetylglucosamine bind to the peritrophic membrane and proposed 
that the membrane contains chitin [Rudin, W. & Hecker, H. (1989) 
Parasitol. Res. 75, 268-279]. In the present study, we show that the 
peritrophic membrane is digested by Serratia marcescens 
chitinase (EC 3.2.1.14), leading to the release of 
N-acetylglucosamine and fragmentation of the membrane. We also 
report the presence of a malaria parasite chitinase that 
digests 4-methylumbellif eryl chitotriose. The enzyme is^not 
detectable until 15 hr after zygote formation, the time required for 
maturation of the parasite from a zygote to an ookinete, 
the invasive form of the parasite. At 20 hr, the enzyme begins to 
appear in the culture supernatant . The chitinase extracted 
from the parasite and found in the culture supernatant consists of a 
major band and two minor bands of activity on native polyacrylamide 
gel electrophoresis. The presence of chitin in the peritrophic 
membrane, the disruption of the peritrophic membrane during 
invasion, and the presence of chitinase in 
ookinetes suggest that the chitinase in 
ookinetes is used in the penetration of the peritrophic 
membrane . 
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AB A new human chitinase having an amino acid sequence as 



DOCUMENT TYPE: 
FILE SEGMENT: 
PRIMARY EXAMINER: 
LEGAL REPRESENTATIVE 
NUMBER OF CLAIMS: 
EXEMPLARY CLAIM: 
NUMBER OF DRAWINGS: 
LINE COUNT: 



Searcher 



Shears 



308-4994 



09/579383 



shown in FIG. 1 or FIG. 2. Modified forms of it having a similar 
chitin-hydrolyzing activity, and antigenic peptides representing 
one of its epitopes. Recombinant production of the human 
chitinase by genetically engineered hosts or host cells. 
Recombinant nucleic acid encoding it, and human chitinase 
-specific oligonucleotides. Use for therapeutic or prophylactic 
treatment of humans against infection by chitin-containing 
pathogens, or for decomposing chitin, e.g. from chitin-based 
articles. Antibodies binding to the human chitinase. 
Diagnostic test kits comprising the human chitinase, its 
antigenic peptides, human chitinase antibodies, 
recombinant nucleic acid or oligonucleotides. 
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AB The present invention relates to the terminal sequencing of random 

genomic fragments performed with the filamentous fungus 
A. gossypii, to the sequences obtained therewith and the use of the 
sequences for forensic identification, to characterize genes and 
gene organization of this ascomycete by inter-genomic comparison, 
to identify biosynthetic genes that can be used as selection 
markers, to isolate promoters and terminators for application in a 
homologous as well as heterologous context, to find putative 
centromere containing clones, chromosome mapping, chromosome 
identifying, general information about chromosome organization and 
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in- addition to identify ORF containing SRS sequences with no 
homology to S. cerevisiae or any other organism which allows the 
identification of A. gossypii specific genes. 
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super-infective, tumor-specific vectors that are strains of 
parasites including, but not limited to bacteria, fungi and 
protists. In certain embodiments the parasites include, but are 
not limited to, the bacterium Salmonella spp., such as Salmonella 
typhimurium, the bacterium Mycobacterium avium and the protozoan 
Leishmania amazonensis. In other embodiments, the present 
invention is concerned with the isolation of super-infective, 
tumor-specific, suicide gene-containing strains of parasites for 
use in treatment of solid tumors. 
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CAS INDEXING IS AVAILABLE FOR THIS PATENT. 

AB Protein targets for disease intervention through inhibition of 

nucleic acid metabolism are disclosed. Novel polypeptides for one 
such target, DNA-dependent ATPase A, and novel polynucleotides 
encoding DNA-dependent ATPase A are disclosed. 

Phosphoaminoglycoside compounds which act on such protein targets 
to inhibit nucleic acid metabolism. In addition, screening assays 
for identifying compounds that inhibit nucleic acid-dependent 
ATPase activity, including, but not limited to, DNA-dependent 
ATPase A, are disclosed. Such compounds are useful in the 
treatment of diseases, including but not limited to cancer and 
infectious disease, through disruption of nucleic acid metabolism 
and induction of apoptosis. Moreover, methods for prevention and 
treatment of diseases including, but not limited to cancer and 
infectious disease are disclosed. 
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of application, longevity of the seed treatment product, minimal 
risk of transmission to subsequent seed generations, specificity, 
and universality within a species, it offers a significant 
improvement over prior art techniques for viral mediated gene 
delivery techniques. The unique and critical aspect of the 
invention is the use of seed treatment technology for delivering 
foreign genes or viruses into plants for, for example, the 
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products such as pharmaceuticals. 
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CAS INDEXING IS AVAILABLE FOR THIS PATENT. 

AB A new human chitinase having an amino acid sequence as 

shown in FIG. 1 or FIG. 2. Modified forms of it having a similar 
chitin-hydrolyzing activity, and antigenic peptides representing 
one of its epitopes. Recombinant production of the human 
chitinase by genetically engineered hosts or host cells. 
Recombinant nucleic acid encoding it, and human chitinase 
-specific oligonucleotides. Use for therapeutic or prophylactic 
treatment of humans against infection by chitin-containing 
pathogens, or for decomposing chitin, e.g. from chitin-based 
articles. Antibodies binding to the human chitinase. 
Diagnostic test kits comprising the human chitinase, its 
antigenic peptides, human chitinase antibodies, 
recombinant nucleic acid or oligonucleotides. 
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The present invention relates to recombinant vector/host systems 
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which can direct the expression of foreign genes under the control 
of the Heliothis polyhedrin promoter. Using the systems of the 
present invention, a heterologous gene of interest can be 
expressed as an unfused peptide or protein, a fusion protein, or 
as a recombinant occlusion body which comprises crystallized 
polyhedrin fusion proteins bearing the heterologous gene product 
on the surface of or within the occlusion body. The recombinant 
proteins or occlusion bodies of the present invention have uses in 
vaccine formulations and immunoassays, as biological insecticides, 
and as expression systems for the production of foreign peptides 
or proteins. 
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The present invention is directed to recombinant baculoviruses 
which encode fusion polyhedrin proteins capable of forming 
occlusion bodies containing foreign peptides. The recombinant 
baculoviruses of the invention are formed by insertion into or 
replacement of regions of the polyhedrin gene that are not 
essential for occlusion body formation, with foreign DNA fragments 
by recombinant DNA techniques. The recombinant occlusion bodies 
produced in accordance with the present invention have uses in 
vaccine formulations, immunoassays, immobilized enzyme reactions, 
as biological insecticides, and as expression vectors. 
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Journal 
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To initiate invasion of the mosquito midgut, Plasmodium 
ookinetes secrete chitinases that are necessary to cross 
the chitin-contg. peritrophic matrix en route to invading the 
epithelial cell surface. To investigate chitinases as 
potential Immunol, targets of blocking malaria parasite transmission 
to mosquitoes, a monoclonal antibody (MAb) was identified that 
neutralized the enzymic activity of the sole chitinase of 
Plasmodium falcipanm, PfCHTl, identified to date. 

This MAb, designated 1C3, previously shown to react with an apical 
structure of P. falciparum ookinetes, also reacts with a 
discrete apical structure of P. gallinaceum ookinetes. In membrane 
feeding assays, MAb 1C3 markedly inhibited P. gallinaceum oocyst 
development in mosquito midguts. MAb 1C3 affinity isolated an 
. apprx. 210-kDa antigen which, under reducing conditions, became a 
35-kDa antigen. This isolated 35-kDa protein cross-reacted with an 
antiserum raised against a synthetic peptide derived from the P. 
gallinaceum chitinase active site, PgCHTl, even though MAb 
1C3 did not recognize native or recombinant PgCHTl on Western blot. 
Therefore, this affinity-purified 35-kDa antigen appears similar to 
a previously identified protein, PgCHT2, a putative second 
chitinase of P. gallinaceum. Epitope mapping indicated MAb 
ICS recognized a region of PfCHTl that diverges from a homologous 
amino acid sequence conserved within sequenced chitinases 
of P. berghei, P. yoelii, and P. gallinaceum (PgCHTl). A synthetic 
peptide derived from the mapped 1C3 epitope may be useful as a 
component of a subunit transmission-blocking vaccine. 
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AB The development of transmission-blocking vaccines is one approach to 
malaria control. To identify novel Plasmodixam zygote- and 
ookinete-secreted proteins as targets of blocking malaria 
transmission, monoclonal antibodies (MAbs) were produced against 
parasite-secreted proteins found in Plasmoditam gallinaceum 
ookinete culture supernatants . Four MAbs-lA6, 2A5, 2B5, and 
4B6-were identified that bound to P. gallinaceum zygotes and 
ookinetes in diverse patterns in terms of^ spatial localization on 
parasites, time course of antigen expression, and Western immunoblot 
patterns.. MT^s 2A5 and 4B6 recognized more than one protein band as 
detected by Western immunoblot of P. gallinaceum ookinete 
supernatants. Beginning at 0 h postf ertilization, MAb 2A5 
recognized a diverse set of antigens; at 10 h postf ertilization, MAb 
4B6 recognized several antigens as well. MAb 1A6 recognized a 
single . apprx. 17-kDa protein, and 2B5 recognized a single 
. apprx. 32-kDa protein at 15 h postfertilization. In membrane 
feeding assays to assess the effect of these MAbs on P. gallinaceum 
infectivity for Aedes aegypti mosquitoes, the addn. of MAbs 1A6 and 
2B5 to infectious blood meals significantly inhibited oocyst 
development in the mosquito midgut. In contrast, MAb 2A5 seemed to 
enhance infectivity. These results demonstrate that 
Plasmodium ookinetes secrete proteins (in addn. to 
previously characterized chitinases) that may be targets 
for blocking malaria transmission. Future investigation of 
ookinete-secreted neutralization-sensitive mols. should provide 
valuable insight into mechanisms by which ookinetes exit the blood 
meal, penetrate and transverse the peritrophic matrix, and invade 
the mosquito midgut epithelium. 
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To initiate invasion of the mosquito midgut, Plasmodixim 
ookinetes secrete chitinolytic activity to penetrate the peritrophic 
matrix surrounding the blood meal. While ookinetes of the avian 
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malaria parasite Plasmodi\am gallinaceuiu appear to secrete 
products of two chitinase genes, to date only one 
chitinase gene, PfCHTl, has been identified in the nearly 
completed Plasmodiiim falciparum strain 3D7 

genome database. To test the hypothesis that the single identified 
chitinase of P. falciparxam is necessary for 

ookinete invasion, the PfCHT.l gene was disrupted 39 bp upstream of 
the stop codon. Pf CHTl-disrupted parasites had normal 
gametocytogenesis, exf lagellation, and ookinete formation but were 
markedly impaired in their ability to form oocysts in Anopheles 
freeborni midguts. Confocal microscopy demonstrated that the 
truncated PfCHTl protein was present in mutant ookinetes but that 
the concn. of mutant PfCHTl within the apical end of the ookinetes 
was substantially reduced. These data suggest that full-length 
PfCHTl is essential for intracellular trafficking and secretion and 
that the PfCHTl gene product is necessary for ookinetes to invade 
the mosquito midgut . 
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AB During mosquito transmission, malaria ookinetes must cross a 

chitin-contg . structure known as the peritrophic matrix (PM) , which 
surrounds the infected blood meal in the mosquito midgut. In turn, 
ookinetes produce multiple chitinase activities presumably 
aimed at disrupting this phys . barrier to allow ookinete invasion of 
the midgut epithelium. Plasmodium chitinase 

activities are demonstrated targets for human and avian malaria 
transmission blockade with the chitinase inhibitor 
allosamidin. Here, we identify and characterize the first 
chitinase gene of a .rodent malaria parasite, 

Plasmodivim berghei. We show that the gene, named PbCHTl, is 
a structural ortholog of PgCHTl of the avian malaria parasite 
Plasmodium gallinaceum and a paralog of PfCHTl of the human 
malaria parasite Plasmodium falciparum. 

Targeted disruption of PbCHTl reduced parasite infectivity in 
Anopheles stephensi mosquitoes by up to 90%. Redns . in infectivity 
were also obsd. in ookinete feeds-an artificial situation where 
midgut invasion occurs before PM formation-suggesting that PbCHTl 
plays a role other than PM disruption. PbCHTl null mutants had no 
residual ookinete-derived chitinase activity in vitro. 
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suggesting that P. berghei ookinetes express only one 
chitinase gene. Moreover, PbCHTl activity appeared 
insensitive to allosamidin inhibition, an observation that raises 
questions about the use of allosamidin and components like it as 
potential malaria transmission-blocking drugs. Taken together, 
these findings suggest a fundamental divergence among rodent, avian 
and human malaria parasite chitinases, with implications 
for the evolution of Plasmodium-mosquito interactions, 
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A review with 23 refs. Malaria transmission-blocking strategies 
aimed at disrupting parasite-mosquito interactions have the 
potential to make important contributions to global malaria control 
It has been suggested that PI asmodixam- secreted 
chitinase plays a crucial role in allowing the ookinete to 
initiate its invasion of the mosquito midgut, which suggests that 
this enzyme is a candidate target for blocking malaria transmission 
In this review, the authors discuss Plasmodium 
chitinases from the mol . , biochem. and cell biol . 
viewpoints. Future directions of study could involve developing 
strategies for interrupting the function of Plasmodium 
chitinases within the mosquito midgut, including 
transmission-blocking drugs or vaccines, or the development of 
chitinase-inhibitor-producing. transgenic mosquitoes. 
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AB 



US 2000-180051P P 20000203 
The present invention is directed to isolated nucleic acid mols. 
encoding Plasmodium sp. chitinases. Expression 

vectors and host cells comprising the nucleic acid mols. are also 

provided, as well as methods for increasing or decreasing the 

expression of the chitinase in host cells. The invention 

further provides methods of screening a substance for the ability of 

the substance to modify chitinase function, and a method 

for isolating other chitinase mols. DNA oligomers capable 

of hybridizing to the nucleic acid mol. encoding the 

chitinase are provided, which can be used to detect 

chitinase in a sample. An isolated Plasmodium sp. 

chitinase is also provided. Antibodies specific for the 

chitinase, and fragments thereof, are provided, as are 

compns. comprising the chitinase and a compatible carrier. 

The subject invention further provides methods of preventing 

infection of mosquitoes by Plasmodixm sp. and methods of 

preventing transmission of malaria. Thus, the cDNAs for gene CHTl 

chitinases of P. falciparum and P. gallinaceum 

were cloned and sequenced. The P. gallinaceum enzyme is produced as 

a preproenzyme; the P. falciparum has only a signal 

sequence. P. gallinaceum produces a second chitinase, the 

product of a second gene provisionally called CHT2 . The P. 

falciparum CHTl chitinase appears to be an 

ortholog of the P. gallinaceum CHT2 chitinase. The 

substrate specificity and pH profiles of the enzymes were detd. 
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AB The Plasmodium ookinete produces chitinolytic activity 

that allows the parasite to penetrate the chitin-contg. peritrophic 
matrix surrounding the blood meal in the mosquito midgut. Since the 
peritrophic matrix is a phys . barrier that the parasite must cross 
to invade the mosquito, and the presence of allosamidin, a 
chitinase inhibitor, in a blood meal prevents the parasite 
from invading the midgut epithelium, chitinases (3.2.1.14) 
are potential targets of malaria parasite transmission-blocking 
interventions. We have purified a chitinase of the avian 
malaria parasite Plasmodium gallinaceum and cloned the 
gene, PgCHTl, encoding it. PgCHTl encodes catalytic and 
substrate-binding sites characteristic of 'family 18 glycohydrolases . 
Expressed in Escherichia coli strain AD494 (DE3) , recombinant PgCHTl 
was found to hydrolyze polymeric chitin, native chitin 
oligosaccharides, and 4-methylumbellif erone derivs. of chitin 
oligosaccharides. Allosamidin inhibited recombinant PgCHTl with an 
IC50 of 7 .mu.M and differentially inhibited two chromatog. 
separable P. gallinaceum ookinete-produced chitinase 
activities with IC50 values of 7 and 12 .mu.M, resp. These two 
chitinase activities also had different pH activity 
profiles. These data suggest that the P. gallinaceum ookinete uses 
products of more than one chitinase gene to initiate 
mosquito midgut invasion. 
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AB Plasmodivim ookinetes secrete chitinases to 

penetrate the acellular, chitin-contg. peritrophic matrix of the 
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mosquito midgut en route to invasion of the epithelium. 
Chitinases are potentially targets that can be used to block 
malaria transmission. We demonstrate here that chitinases 
of Plasmodium falciparxam and P. gallinaceum are 
coned, at the apical end of ookinetes. The chitinase 
PgCHTl of P. gallinaceum is present within ookinete micronemes and 
subsequently becomes localized in the electron-dense area of the 
apical complex. These observations suggest a pathway by which 
ookinetes secrete proteins extracellularly . 
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AB Within hours after the ingestion of a blood meal, the mosquito 
midgut epithelium synthesizes a chitinous sac, the peritrophic 
matrix. Plasmodiiam ookinetes traverse the peritrophic 
matrix while escaping the mosquito midgut. Chitinases (EC 
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3.2.1.14) are crit . for parasite invasion of the midgut: the 

presence of the chitinase inhibitor, alios ami din, in an 

infectious blood meal prevents oocyst development. A 

chitinase gene, PgCHTl, recently has been identified in the 

avian malaria parasite P. gallinaceum. We used the sequence of 

PgCHTl to identify a P. falciparum chitinase 

gene, PfCHTl, in the P. falciparum genome database. 

PfCHTl differs from PgCHTl in that the P. falciparum gene 

lacks proenzyme and chitin-binding domains. PfCHTl was expressed as 

an active recombinant enzyme in Escherichia coli. PfCHTl shares 

with PgCHTl a substrate preference unique to Plasmodium 

chitinases: the enzymes cleave tri- and tetramers of GlcNAc 

from penta- and hexameric oligomers and are unable to cleave smaller 

native chitin oligosaccharides. The pH activity profile of PfCHTl 

and its IC50 (40 nM) to allosamidin are distinct from endochitinase 

ac^tivities secreted by P. gallinaceum ookinetes. Homol. modeling 

predicts that PgCHTl has a novel- pocket in the catalytic active site 

that PfCHTl lacks, which may explain the differential sensitivity of 

PfCHTl and PgCHTl to allosamidin. PfCHTl may be the ortholog of a 

second, as yet unidentified, chitinase gene of P. 

gallinaceum. These results may allow us to develop novel strategies 
of blocking human malaria transmission based on interfering with P. 
falciparum chitinase. 
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AB The authors hypothesized that the amino acid sequence of the active 
site of P. gallinaceum chitinase would be similar to the 
amino acid sequence of other protozoal,, nematode, and higher 
bacterial chitinases and designed synthetic peptides based 
upon these sequences. Degenerate and nondegenerate synthetic 
peptides based upon the active sites of other protozoal 
chitinases generated antisera that detected a . apprx . 50-kDa 
ookinete stage-specific protein, Antisera that recognized the E. 
hystolytica chitinase active-site immunoeluted a protein 
with chitinase activity from P. gallinaceum ookinete exts. 
(c) 1998 Academic Press. 
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